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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of 
producing an element such as LSI , display element and 
micromechanics element and a method of etching an 
organic film used therefor and in particular to a 
method of etching an organic film of a low dielectric 
constant (hereinafter referred to "organic low- 
dielectric-constant film") called Low-k film. 
Related Background Art 

Methods of producing elements such as LSI, display- 
element and micromechanics element include a film 
forming step and a film etching step. 

To take an LSI producing step as an example, not 
only reduction in resistance of a conductor forming a 
wiring part but also reduction in dielectric constant 
of an insulator is also required to meet the 
requirements of the element micromachining recently 
demanded . 

Such being the case, fluorine-doped silicon oxide 
with a dielectric constant of 3.5 to 4.0 is used in 
place of silicon oxide with a dielectric constant of 
3.9 to 4.5 as an insulator and further an organic low- 
dielectric-constant film with a dielectric constant of 



2.4 to 3.4 has come to be used. 

Now, referring to Figs. 6A to 6D, the etching step 
of the prior art organic low-dielectric-constant film 
will be described- Reference Numeral 1 denotes a 
resist mask. Reference Numeral 2 an Si02 film formed by 
the CVD or coating process. Reference Numeral 3 an 
organic low-dielectric-constant film, for example, made 
of an organic polymer with a dielectric constant of 3 
or lower. Reference Numeral 4 a metal wire. Reference 
Numeral 5 a wire groove or via hole and Reference 
Numeral 6 a side wall protective film. 

A sectional view of a structure on a wafer prior 
to etching is shown in Fig. 6A. Stacked on the metal 
wire 4 are an organic low-dielectric-constant film 3 
and an Si02, SOG or the like film 2 to be used as a hard 
mask, on which a mask pattern is formed using a 
photoresist- Here, as an example of an organic low- 
dielectric-constant film, a film of a polyaryl ether 
(Fig. 7) or fluorinated polyaryl ether (Fig. 8) is 
used. To the above structure, first, a fluorocarbon 
based gas (e-g. C4F8/Ar) is used to etch the hard mask 2 
as shown in Fig- 6B. Next, as shown in Fig. 6C, an O2 
based or Nj/Hj based gas is used to etch the organic 
low-dielectric-constant film 3. Finally, to remove a 
residual photoresist mask 1 and the side wall 
protective film 6, cleaning is carried out to obtain 
the structure shown in Fig. 6D. 



As described above, in etching of an organic low- 
dielectric-cjpnstant film, the main components of the 
photoresist mask 1 and the organic low-dlelectrlc- 
constant film\2 are both organic substance and it is 
difficult to sAcure the selectivity enough to maintain 
the etching shape, so that the so-called hard mask 
method is generally used in which a photoresist pattern 
is transferred once to an inorganic film 2 such as SiOj 
film and an organicVlow-dielectric-constant film 3 is 
etched with the inorganic film 2 employed as the mask. 

However, in some cases, the etch selectivity 
between a SiOj film as the hard mask and an organic low- 
dielectric-constant film has not become sufficiently 
large and the shape after etching has not been as 
expected. 

Especially, in an attempt to attain high-speed 
etching, this problem becomes noteworthy. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a method of etching an organic film and a 
method of producing an element enabling etching for 
obtaining a desired shape to be carried out at a high 
speed. 

It is another object of the present invention to 
provide a method of etching an organic film and a 
method of producing an element giving a high 



selectivity to a hard mask. 

According to the present invention, there is 
provided a method of etching an organic film comprising 
the steps of forming an intermediate layer and a 
patterned resist layer on an organic film and etching 
the intermediate layer exposed from the resist layer, 
then etching the organic film using a plasma of a gas, 
wherein the intermediate layer comprises a layer 
comprised of a metal or metal compound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA, IB, IC, ID and IE are schematic 
sectional views showing the etching method and element 
producing method according to the present invention; 

Fig. 2A is a graphical representation showing the 
Vpp dependence of the etch rate of an organic film. 
Fig. 2B is a graphical representation showing the Vpp 
dependence of the etch rate of a hard mask, and Fig. 2C 
is a graphical representation showing the Vpp 
dependence of the etch selectivity; 

Fig. 3 is a sectional view of a hole in an 
element ; 

Fig. 4A is a graphical representation showing the 
Vpp dependence of the etch rate of a hard mask, and 
Fig. 4B is a graphical representation showing the Vpp 
dependence of the etch selectivity; 

Figs. 5A, 53 and 5C are schematic sectional views 



showing the etching method and element producing method 

according to the present inventions- 
Figs. 6A, 6B, 6C and 6D are schematic sectional 

views showing the prior art etching method; 

Fig. 7 is a view showing the structural formula of 

an polyaryl ether; and 

Fig. 8 is a view showing the structural formula of 

a f luorinated polyaryl ether. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figs. lA to IE, the method of etching 
an inorganic film and method of producing an element 
according to the present invention will be described. 

First, after forming an element such as a 
transistor on a substrate made of Si or the like 
depending on to the need, a first layer metal wire 4 
comprising Al, a stack of Cu and TiN, or the like is 
formed. 

Then, as needed, a stopper film 7 made of silicon 
nitride or the like is formed. 

Subsequently, an organic insulating film 3 is 
formed by a coating process or the like. 

Then, an Si02 film 2 is formed by a CVD process, 
coating process, or the like. 

Furthermore, a metal film 12 for the hard mask is 
formed by the sputtering process, CVD process, or the 
like. 



A photoresist material, after coated on the metal 
film 12 and baked, is exposed to ultraviolet light from 
a KrF eximer laser, an ArF eximer laser, eximer laser 
or the like and developed to form a resist mask 1. In 
this manner, the structure shown in Fig. lA is 
obtained. Here, the metal film 12 and the SiOj film 2 
form the intermediate layer. 

Next , the intermediate layer exposed from the 
resist mask 1 is etched. More specifically, after the 
etching of the metal film 12 using the resist mask 1, 
the exposed Si02 film is etched. In this manner, the 
structure shown in Fig. IB is obtained. Figs. lA to IE 
are depicted with the side wall protective film being 
omitted , 

Then, the exposed organic insulating film 3 is 
etched. Furthermore, the underlying stopper film 7 is 
etched to expose the first layer metal wire 4. In this 
manner, the structure shown in Fig. IC is obtained. 
After the completion of etching of the organic film 3 
and the stopper film 7, hardly any of the resist mask 
remains as shown in Fig. IC. If the resist mask or the 
residue thereof remains thinly, it has only to be 
removed . 

According to the organic-film etching method of 
this embodiment, a desired etching shape can be 
obtained at a high speed by using the metal film 12 as 
the intermediate layer . 



As the \metal film 12, a pure metal comprising at 
least one selected from aluminium (Al), copper (Cu) , 
titanium (Ti)\ cobalt (Co), tantalum (Ta), platinum 
(Pt), tungstenV (W) , chromium (Cr) , etc. or an alloy 
thereof may be msed. Alternatively, a silicate or 
nitride of the metal selected from them may also be 
used. Specif icalW, tantalum nitride (TaN), titanium 
nitride (TiN), tungsten nitride (WN) , titanium silicon 
^nitride (TiSiN), tantsalum silicon nitride (TaSiN) , 
tungsten silicon nitric^e (WSiN) , or the like is 
referred. 

Above all, a metal or a metal compound that can be 
dry-etched using an etching gas is preferably used. 

Furthermore, after the formation of a barrier 
metal such as titanium nitride, etc. as needed, a 
conductor such as tungsten, copper or the like is 
deposited and the wire groove or opening formed by the 
etching is filled with the conductor. In this manner, 
a conductor 8 for the second layer wiring is formed. 

Further, when the conductor 8 remaining above the 
organic insulating film 3 is removed as the occasion 
demands , the conductor 8 remains only in the groove or 
opening 5 as shown in Fig. IE. 

According to the element producing method of this 
embodiment, a desired shape of structure of wires or 
electrodes can be obtained. 

As the organic insulating film 3 used in the 




present invention, there may be included a material 
with a dielectric constant (or permittivity or relative 
permittivity) lower than that of silicon oxide, 
*^preferably not higher than 3.4 and more preferably not 
higher than 3.0 in dielectric constant. Specifically, 
the above mentioned fluorinated polyaryl ether or non- 
fluorinated polyaryl ether is preferably used. 

As the^as for etching the organic insulating film 
3 used in thA present invention, an oxygen- containing 
gas, a hydroger^- containing gas, or the like is 
referred, but foV the reason mentioned below, a 
nitrogen- or hydrqgen- containing gas is preferably 
used. 

As the nitrogen- or hydrogen -containing gas, 
gas , H2 gas , NH3 gas , N2H2 gas , or a mixed gas of N2 and 
H2 is used, each of which may be used together with a 
rare gas, if necessary. 

Besides, in the present invention, an inorganic 
insulating film such as a fluorine -doped Si02 or SiC 
film may be used in place of the Si02 film that forms 
the intermediate film. 

As the stopper film 7, an inorganic insulating 
film such as silicon oxide or the like may be used in 
place of the SiN film. 

As the coViductor 8, a pure metal comprising at 
p^east one selecTzed from tungsten, copper and aluminium 
ormed by a method such as CVD, sputtering, plating or 
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others^ or an alloy thereof may preferably be used, and 
at the \interf aces of the conductor 8 with the 
respective layers 12, 2, 3, 7 and 4, at least one layer 
f a material selected from TiN, TaN, WN, Ti, Ta, 
5 TiSiN, TaSiN, etc. serving as a barrier metal may be 
interposed^ 

An organic low-dielectric-constant insulating film 
is known to be etchable by a plasma of an oxygen - 
containing gas. For example, when a plasma of O2 gas or 

10 CO2 gas is used, as disclosed in Japanese Patent 

Application Laid-Open No. 8-316209, most of organic 
low-dielectric-constant insulating films can be easily 
etched at high etch rates. However, as described also 
in Extended Abstracts 15p-C-10 of the 59th Autumn 

15 Meeting, 1998 of the Japan Society of Applied Physics, 
an organic substance reacts not only with oxygen ions 
but also with oxygen radicals to promote isotropic 
etching, so that the sectional shape of a hole or 
groove is likely to become a barrel- like shape referred 

20 to as "bowing shape". If such a shape is formed, poor 
embedding of a metal into the hole or groove may occur 
in the subsequent film forming step of a wiring metal, 
thereby causing disadvantages such as an increase in 
wiring resistance or breakage of a wire at the worst. 

25 Furthermore, as another demerit of etching by an 

oxygen plasma, there is a problem of deterioration in 
film quality, for example, as described in Proceedings 
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of Symposium on Dry Process (1998), p. 175. Namely, 
the problem is that an organic low-dielectric-constant 
insulating film exposed to an oxygen plasma may absorb 
oxygen or form a deteriorated layer containing OH 
5 groups through bonding with oxygen, and the oxygen may 
be desorbed during the subsequent wiring metal forming 
step, e.g. a CVD step of a tungsten plug to occur poor 
embedding in a hole or groove . 

To solve the above problem, a method using a 
10 plasma of an NH3 gas is disclosed in Japanese Patent No. 
Ul 2786198. Use of an NH, plasma completely eliminates the 

^fi deterioration in the film quality of an organic film 

IB due to the above mentioned oxygen absorption. However, 

p as a problem due to the use of an NH3 plasma, 

1^ 15 insufficient selectivity to an SiOj based film that has 
13 so far been used as the hard mask is included. 

Figs. 2A. to 2C show Vpp independence of the etch 
rates of an organic low-dielectric-constant film and an 
SiOj film in an N)^^ plasma in the case of using a 
20 surface -wave intei^fered plasma system (hereinafter, 
referred to as SIP).\as an SIP, the system disclosed 
in Japanese Patent Application Laid-Open No. 11-40397, 
U.S. Patent Application n\. 082,006 filed on May 20, 
1998 or the like may be useds. The term "Vpp" as used 
25 herein means a peak-to-peak voXtage of a high frequency 
bias applied to a substrate. When a high frequency 
bias of not higher than 2 MHZ frequency is applied to 
the substrate, electrons are accelerate^^during a half 




period at the positive side and ions are accelerated 
during a half peiriod at the negative side* In other 
words, Vpp/2 means, a maximxim value of the voltage for 
(aocele„t.„. .ons ^ eXect.ons .n a pla.™. Po. 
example, a case where Vpp/2 is 600 V means that ions 
are incident on the sVbstrate with a maximum energy of 
600 eV. 

In the figures. Fig. 2A shows the Vpp dependence 
of the etch rate of an organic low-dielectric-constant 
film. Fig. 2B the Vpp dependence of the etch rate of an 
SiOj film, and Fig. 2C the Vpp dependence of the etch 
selectivity. 

The maximum of etch rate of the organic low- 
dielectric-constant film shown in Fig. 2A depends on 
the plasma density. When a helicon plasma source for a 
high- density plasma is used, the maximum etch rate is 
about 300 nm/min, and even if any more high-frequency 
power is supplied, the etch rate does not increase. 
Even when an inductively coupled plasma (ICP) source is 
used, an etch rate of 400 nm/min at the highest is 
obtained. However, when an SIP source is used, as high 
a plasma density as 800 nm/min or more can be attained. 
This means that the SIP system attains a far higher 
plasma density than other systems . 

However, as is seen from Fig. 2C, even when using 
an SIP, if an attempt is made to elevate the etch 
selectivity of an organic insulating film to an SiOj 
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film as a hard mask up to 100 or more which is enough 
for maintaining the shape, the value of Vpp/2 needs to 
be lowered to 400 V or less, so that the etch rate may 
lower to about 400 nm/min, which is insufficient for 
5 practical use. On the other hand, if an attempt is 
made to attain an etch rate of 800 nm/min which is 
enough for practical use, the etch selectivity to an 
Si02 film as a hard mask lowers down to about 30 to give 
_ rise to widening of the diameter of the opening due to 

C= 10 the facetting of the hard mask as shown in Fig. 3. 

IB 

y As described above, since deterioration in film 

m \ 

\n quality due to\ the adsorption of oxygen to an organic 

1^ ^^[^v"T\ow- dielectric -)^onst ant insulating film is inevitable 



the case of using a plasma of an oxygenic gas , 
15 abnormal film formation might occur because of the 

desorption of oxygeii during the subsequent film forming 
process for a conductor such as a tungsten plug. 

Besides, in case of using an NH3 based plasma, 
high-speed etching lowers the selectivity to an SiOj as 
20 the hard mask, thus inducing collapse of the etching 

shape, so that etching of an organic insulating film at 
a high selectivity to Si02 may lead to an insufficient 
value of the etch rate for practical use. 

Thus , in order to attain both a higher selectivity 
25 to a mask and a higher etch rate at the same time, it 
is preferable to adopt the dry etching method using a 
metal or a metal nitride as a part of an intermediate 
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layer in the steps of forming an intermediate layer and 
a patterned resist layer on an organic low-dielectric- 
constant film, transferring the pattern of the 
photoresist to the intermediate layer and using a 
plasma of a gas containing either of nitrogen and 
hydrogen to etch the organic low-dielectric-constant 
film. 

Fig. 4A shows the Vpp dependence of the etch rates 
{referred to as "E/R") of SiOj and Al with NH3 gas by 
use of an SIP, and Fig. 4B shows the Vpp dependence of 
the etch selectivities of an organic low-dielectric- 
constant film to each of Si02 and Al with NH3 gas by use 
of an SIP. It is seen from Fig. 4A, that the Al etch 
rate is not greater than 1/5 of the SiOj etch rate and 
the etch rate is about 5 nm/min even under the 
condition of Vpp/2 being about 600, which is a value 
close to the Ar sputtering rate. Namely, whereas the 
etching of Al with an NH3 plasma is a perfect sputtering 
reaction with ions , it is highly probable that a 
certain chemical reaction may participate in the 
etching of SiOj. The above is supported also by the 
fact that the Si02 etch rate with N2 has some degree of 
temperature dependence. The reaction mechanism has not 
yet been clarified, but since both in an N2 plasma and 
an NH3 plasma the etch rate of SiOj is greater than the 
sputtering rate with Ar by a factor of 10 or more, it 
is highly probable that N atoms may contribute to the 



etching reaction* Further, as is clearly seen from 
Fig. 4B, under the condition of Vpp/2 being 600 V, the 
selectivity near 200 is attained with an Al mask in 
contrast to the selectivity of about 30 with an Si02 
mask. This is a selectivity almost equivalent to that 
with an Si02 mask at the Vpp/2 of 350 V and can be said 
sufficient for the maintenance of the shape. 

Consideration based on the results of the above 
experiments leads to the conclusion that the material 
most suitable for a hard mask (intermediate layer) in 
the etching of an\ organic low- dielectric-constant film 
using NH3 gas is a\material which is unreactive to an 
NH3 plasma and highi^ suitable to the existing 
semiconductor production processes. The materials 
satisfying the above conditions include wiring metals 



j^uch as Al, Cu, Ti, Co\ Ta, Pt , Cr, W, etc. and metal 
' V nitrides for the barrieV metal such as TiN, WN, TaN, 
etc. Generally, metal n\itrides are high melting point 
compounds having melting joints of 2000** C or more and 
are stable at very high temperatures (for example, AIN: 
2700** C; TiN: 3200** C). ThuX even if a nitride is 
formed on the surface of a ir^etal during etching, the 
nitride will remain on the metal surface as a passive 
film and never vaporize as a reaction product. 
Further, the metal nitride suchXas TiN, TaN, etc. will 
not effect a chemical reaction (nitridation) with 
nitrogen any more. Namely, it carrvbe said that etching 



of the above \material with an NH3 plasma is effected 
only by physical sputtering. 

While the Vore preferred embodiments have been 
described for use of an NH3 plasma, a similar effect can 
be obtained in any gas system as long as an Nj/Hj based 
gas is used. As the N2/H2 based gas, there may be 
included a mixed gaa of Nj, H2 and N2/H2, N2H4 and so on, 
in addition to NH3 as\mentioned above. 

Again, referring to Figs. lA to IE, a preferred 
embodiment of the present invention will be described. 
This embodiment is a single damascene process in case 
of using the above metal film as a hard mask for 
etching of an organic low-dielectric-constant film. 
Reference Numeral 1 denotes a resist mask, 12 a metal 
film for the hard mask (intermediate layer), 2 a CVD- 
Si02 film (intermediate layer), 3 an organic low- 
dielectric-constant film, 7 a stopper SiN film, 4 a 
first layer metal wire, 5 a wiring groove or via hole 
and 8 a second layer wiring metal film. 

First, after the completion of a fist layer metal 
wire forming step, the SiN film 7 as a stopper for via 
hole etching, the organic low-dielectric-constant film 
3, the CVD-Si02 film 2 and the metal film 12 for the 
hard mask are formed in sequence, and the photoresist 
mask 1 is formed thereon (Fig. lA) . The SiN film 7 and 
the SiOj film 2 are formed using the plasma CVD process. 
Besides, the organic low-dielectric-constant film 3 is 
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formed by the spin coating process. Since tlie metal 
film 12 in use for the hard mask is a film that may be 
removed afterward and is therefore not limited in its 
characteristics such as orientation property and 
5 resistivity of the film, it can be formed by use of any 
film forming process including sputtering, CVD, 
evaporation, or the like. Besides, in cases where it 
is difficult to form a fine photoresist pattern because 
of the reflection from the metal surface, an 
iQ 10 antiref lection film may be formed as the occasion 
demands , 

Next, with the resist 1 employed as the mask, 
iYi etching of the metal film 12 for the hard mask is 

Jir:^ carried out. As the etching gas, for example, use of a 

15 mixed gas of CI2/BCI3 in case of an Al metal film and a 
j^' fluorine-based gas such as CF4, SF^, etc. in case of a 

K Ti or TiN film enables dry etching to be easily carried 

out . 

Next, with the resist 1 and the metal film 12 
20 employed as the mask, etching of the Si02 film 2 is 

carried out. As an etching gas, for example, using a 
mixed gas of C4F8/CO/Ar enables easy etching (Fig. IB). 

Then, using an N2/H2 based gas, the organic low- 
dielectric-constant film 3 is etched under conditions 
25 of a high bias voltage (Fig. IC). At this time, three 
layers of resist 1 /metal hard mask 12/Si02 hard mask 2 
serves as the mask at the initial stage, while the etch 
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rate of the resist 1 having almost the same main 
component as the organic insulating film 3 is so fast 
in the N2/H2 based gas that the metal hard mask 12 is 
exposed during the etching. Here, if the metal hard 
5 mask 12 is not provided, the exposed SiOj hard mask 2 is 
etched to generate the abnormal etching shape as shown 
in Fig. 3. However, the use of the metal hard mask 12 
makes the etch rate of the mask 2 very small even under 
a high Vpp condition, so that no abnormal etching shape 
10 due to the facetting of the mask takes place. After 

jfi the completion of etching of the organic low- 

\U 

,g dielectric-constant film, the SiN film 7 serving as the 

etch-stopper is etched using a plasma of a CF4 based 
gas. After cleaning the wafer as need, a second layer 
:^ 15 wiring metal film 8 is formed using the sputtering 

process, the GVD process, the plating process, or the 
M like (Fig. ID). 

Finally, using an etching or CMP method, the metal 
film outside the groove is removed. In this case, the 
20 metal hard mask 12 is also removed simultaneously (Fig, 
IE). At this time, the Si02 hard mask 2 acts as the 
stopper film for the CMP. 

While the etching method of the present invention 
has been described for use of the single damascene 
25 process, but it can be applied also to the dual 

damascene process by repeating the same procedure. 

Referring to Figs. 5A to 5C, an element producing 
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method comprising a wire forming step by the dual 
damascene process using an etching method according to 
an embodiment of the present invention will be 
described, 

5 On a substrate with an element formed thereon, a 

first metal wiring layer made of W, Cu, a barrier metal 
or the like, a stopper layer 17 made of SiN, SiO or the 
like, an organic low-dielectric-constant film 3 and 
intermediate layers 2 and 12 serving as a hard mask are 
10 formed. Further, etching is carried out using a resist 
mask (not shown) to form a contact hole 15, and a 
patterned resist mask 1 for formation of a wiring 
groove 16 is then formed. In this manner, the 
structure shown in Fig. 5A is obtained. 
15 Further, the metal film 12 as the intermediate 

layer exposed from the resist mask 1 is removed by 
etching, and the silicon oxide film 2 as the 
intermediate layer is then removed by etching. 

Furthermore, the organic low-dielectric-constant 
20 film 3 is etched away to obtain a structure as shown in 
Fig. 5B. 

After effecting cleaning as the occasion demands, 
a barrier metal layer 18 is formed by the CVD, the 
sputtering, or the like. It is preferable to use the 
25 same material for both the barrier metal layer 18 and 
the metal film 12. Then, by the CVD, sputtering or 
plating, a conductor 8 made of Cu or the like is 
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deposited in the hole 15, in the groove 16 eind on the 
metal film 12. 

Thereafter, the metal film 12, the barrier metal 
and the conductor existing on the silicon oxide film 2 
5 are removed with etching or CMP to leave the conductor 
8 only in the hole 15 and the groove 16. In this 
manner, a structure as shown in Fig. 5C is obtained. 

More specific methods of forming and etching 
individual layers are as described above . 

a 

10 The superiority of the etching method according to 

lij the present invention becomes prominent in systems 

I y 

\Q capable of etching an organic low-dielectric-constant 

ig film at a high speed. Thus, with a plasma source such 

Q as helicon or ICP, the etch rate of an organic low- 

15 dielectric-constant film is 400 nm/min at the highest 

11= 

•4 and only a process of the so-called "low rate-high 

'"^ selectivity" can be implemented. Under the conditions 

of the "low rate-high selectivity", an etching shape 
equivalent to that with a hard mask can be implemented 
20 even with an SiOj hard mask, but there is a serious 
problem that the etch rate is small. On the other 
hand, in case of using an SIP, etching at as high a 
rate as 800 nm/min or higher can be attained, but the 
Si02 hard mask is etched to generate the widening of the 
25 aperture of the hole as shown in Fig. 3. Thus, the 
combination of the conditions for high speed etching 
with the SIP and used of a metal hard mask can attain 



- 20 - 



both properties of high speed and high selectivity to a 
mask at the same time. 

The organic low-dielectric-constant film is 
preferably a polyaryl ether or fluorinated polyaryl 
ether, more preferably a non-f luorinated polyaryl 
ether. Specifically, "SiLk™" (dielectric constant: 
2.65) available from Dow Chemical, Co. and "FLARE™" 
(dielectric constant: 2.8) available from Honeywell, 
Co. may preferably be used. 

Hereinafter, referring to examples, the plasma 
processing method according to the present invention 
will be described in detail, but the present invention 
is not limited to these examples . 
( Example 1 ) 

As a first example of the present invention, an 
example of using Al for a metal hard mask is described. 
As the organic low-dielectric-constant film, a polyaryl 
ether (available from Honeywell, Co.; Trade Name: 
FLARE™) was used. First, an 8 inch wafer having the 
sectional structure shown in Fig. lA was prepared. The 
thicknesses of the respective films were as follows: 
100 nm for the stopper SiN film; 600 nm for the organic 
low-dielectric-constant film; 200 nm for the SiOj film; 
100 nm for the Al film; and 670 nm for the photoresist 
film. In the photoresist mask, a 0,2 pm hole pattern 
was formed over the entire surface of the wafer. After 
the wafer was put into an etching apparatus with a 



surface-wave interfered plasma (SIP) source (not shown) 
and the processing chamber was evacuated to 1 x 10"^ Pa, 
the Al film as the metal hard mask was etched. The 
etching conditions were as follows . 

Gas Species/Flow Rates: CI2/BCI3 = 60/40 seem 

Pressure: 3 Pa 

Microwave Power : 1.5 kW 

RF Bias: 300 W 

Under the above conditions , the etching was 
performed for 17 seconds to remove all of the portion 
exposed from the resist mask of the Al film. The end 
point of the etching was detected utilizing the light 
emission (wavelength: 396 nm) of Al. After the 
detection of the end point of the etching, over-etching 
of 20% was carried out. 

Next, after the wafer was transferred to a 
separate processing chamber while keeping the vacuum 
state and the processing chamber was evacuated to 1 x 
10"^ Pa, the portion exposed from the resist mask of the 
Si02 film as the hard mask was etched. The etching 
conditions were as follows. 

Gas Species/Flow Rates: C4F8/Ar = 15/185 seem 

Pressure: 15 Pa 

Microwave Power : 1.5 kW 

RF Bias Power: 350 W 

Under the above conditions, the etching was 
performed for 30 seconds to etch and remove all of the 
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portion exposed from the resist mask of the SiOj film. 
The end point of etching was detected utilizing the 
light emission (wavelength: 640 nm) of SiF. 

After the completion of the Si02 etching, the wafer 
was transferred to a separate processing chamber while 
keeping the vacuum state and the processing chamber was 
evacuated to 1 x 10'^ Pa, then the organic low- 
dielectric-constant film was etched. The etching 
conditions were as follows . 

Gas Species/Flow Rate: NH3 = 200 seem 

Pressure: 1 Pa 

Microwave Power : 2.5 kW 

Bias Frequency: 1 . 5 MHz 

Bias Power: 600 W 

Under the above conditions, the etching was 
performed for 60 seconds to etch and remove all of the 
portion exposed from the hard mask of the organic low- 
dielectric-constant film. The end point of the etching 
was detected by utilizing the light emission 
(wavelength: 388 nm) of CN. After the completion of 
the processing, a section of the wafer was observed by 
use of an SEM, with the result that no widening of the 
hole diameter due to the facetting of the hard mask was 
observed at all. 
(Example 2) 

As a second example of the present invention, an 
example of using TiN for the metal hard mask is 
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described. As the organic low- dielectric-constant 
film, a polyaryl ether (available from Honeywell, Co,; 
Trade Name: FLARE™) was used as with Example 1. First, 
an 8 inch wafer having the sectional structure shown in 
5 Fig. lA was prepared. The thicknesses of the 

respective films were as follows: 100 nm for the 
stopper SiN film; 600 nm for the organic low- 
dielectric-constant film; 200 nm for the Si02 film; 120 
nm for the TiN film; and 670 nm for the photoresist 

^0 10 film. In the photoresist mask, a 0. 2 iim hole pattern 

IB' 

U was formed over the entire surface of the wafer. After 

m 

kQ the wafer was put into an etching apparatus with an SIP 

m source (not shown) and the processing chamber was 

V. 

n evacuated to 1 x 10"^ Pa, the TiN film as the metal hard 

iL 15 mask was etched. The etching conditions were as 

]^ follows . 

'^^ Gas Species/Flow Rates: CI2/BCI3 = 30/70 seem 

Pressure: 3 Pa 
Microwave Power : 1.5 kW 
20 RF Bias: 450 W 

Under the above conditions, the etching was 
performed for 30 seconds to remove all of the portion 
exposed from the resist mask of the TiN film. 

Next, the wafer was transferred to a separate 
25 processing chamber while keeping the vacuum state and 
the processing chamber was evacuated to 1 x 10'^ Pa, 
then the SiOj film as the hard mask was etched. The 



etching conditions were as follows. 

Gas Species/Flow Rates: C4F8/Ar = 15/185 seem 
Pressure: 15 Pa 
Microwave Power : 1.5 kW 
RF Bias Power: 350 W 

Under the above conditions, the etching was 
performed for 30 seconds to remove all of the portion 
exposed from the resist mask of the SiOj film. The end 
point of the etching was detected utilizing the light 
emission (wavelength: 640 hm) of SiF. 

After the completion of the SiOz etching, the wafer 
was transferred to a separate processing chamber while 
keeping the vacuum state and the processing chamber was 
evacuated to 1 x 10'^ Pa, then the organic low- 
dielectric-constant film was etched. The etching 
conditions were as follows . 

Gas Species/Flow Rate: NH3 = 200 seem 

Pressure: 1 Pa 

Microwave Power : 2.5 kW 

Bias Frequency: 1.5 MHz 

Bias Power: 600 W 

Under the above conditions, the etching was 
performed for 60 seconds to remove all of the portion 
exposed from the hard mask of the organic low- 
dielectric-constant film. The end point of the etching 
was detected utilizing the light emission (wavelength: 
388 nm) of CN. After the completion of the processing. 



a section of the wafer was observed by use of an SEM, 
with the result that no widening of the hole diameter 
due to the facetting of the hard mask was observed at 
all. 

( Example 3 ) 

As a third example of the present invention is 
described an example of using TiN for the metal hard 
mask and using gas for the etching. As the organic 
low-dielectric-constant film, a polyaryl ether 
(available from Honeywell, Co.; Trade Name: FLARE™) was 
used as with Example 1. First, an 8 inch wafer having 
the sectional structure shown in Fig. lA was prepared. 
The thicknesses of the respective films were as 
follows: 100 nm for the stopper SiN film; 600 nm for 
the organic low-dielectric-constant film; 200 nm for 
the SiOj film; 120 nm for TiN film; and 670 nm for the 
photoresist film. In the photoresist mask, a 0.2 jim 
hole pattern was patterned over the entire surface of 
the wafer. After the wafer was put into an etching 
apparatus with an SIP source (not shown) and the 
processing chamber was evacuated to 1 x 10"^ Pa, the TiN 
film as the metal hard mask was etched. The etching 
conditions were as follows . 

Gas Species/Flow Rates: CI2/BCI3 = 30/70 seem 

Pressure: 3 Pa 

Microwave Power : 1.5 kW 

RF Bias: 450 W 



Under the above conditions, the etching was 
performed for 30 seconds to remove all of the portion 
exposed from the resist mask of the TiN film. 

Next, the wafer was transferred to a separate 
processing chamber while keeping the vacuum state and 
the processing chamber was evacuated to 1 x 10"^ Pa, 
then the SiOj film as the hard mask was etched. The 
etching conditions were as follows. 

Gas Species/Flow Rates: C4F8/Ar = 15/185 seem 

Pressure: 15 Pa 

Microwave Power : 1.5 kW 

RF Bias Power: 350 W 

Under the above conditions , the etching was 
performed for 30 seconds to remove all of the portion 
exposed from the resist mask of the SiOj film. The end 
point of the etching was detected utilizing the light 
emission (wavelength: 640 nm) of SiF. 

After the completion of the SiOj etching, the wafer 
was transferred to a separate processing chamber while 
keeping the vacuum state and the processing chamber was 
evacuated to 1 x 10"^ Pa, then the organic low- 
dielectric-constant film was etched. The etching 
conditions were as follows. 

Gas Species/Flow Rate: N2 = 200 seem 

Pressure: 1 Pa 

Microwave Power : 2.5 kW 

Bias Frequency : 1.5 MHz 



Bias Power: 800 W 

Under the above conditions, the etching was 
performed for 90 seconds to remove all of the portion 
exposed from the hard mask of the organic low- 
dielectric- constant film. The end point of the etching 
was detected utilizing the light emission (wavelength: 
388 nm) of CN. After the completion of the processing, 
a section of the wafer was observed by use of an SEM. 
Judging from the end time of the etching, the etch rate 
with the N2 plasma was lower by about 30% than that with 
the NH3 plasma, but no widening of the hole diameter due 
to the facetting of the hard mask was observed at all. 

As described above, according to the present 
invention, the use of a metal or metal compound as the 
material of the hard mask makes it possible to provide 
a dry etching method which is free from generation of 
an abnormal shape such as widening of a hole diameter 
due to the facetting of a hard mask even when etching 
an organic low-dielectric-constant film with a plasma 
of an N2/H2 based gas . 



